




















































































































TAI)LE 3. PRE::iSURE RISE DURING CATALYST PERFORMANCE MONITORING PERIOD 

Initial Final Increase in Monitoring 
Vessel Pressure Pressure Pressure Period 
Number (kPa) (kPa) (kP 1) (h) 

010012 
fil'st a 13.6 55.9 42.3b 336 
secondc 7.8 15.3 7.5 114 

010016 7.2 41.3 34. 1 b 138 

010013 6. 1 8.2 2. 1 54 
010017 6.5 7.8 1.3 92 
010018 6.5 8.2 1.7 133 

020027 6.8 9.5 2.7 91 
020028 7.2 7.8 0.6 108 
010014 7.5 9.2 1.7 120 

010011 6.5 6.5 0 48 
U20026 6.8 9.9 3. 1 90 
020022 6. 1 10.6 4.5 107 

020029 7.2 11.9 4.7 80 
020031 9.2 10.2 1.0 480 
020037 7.5 10.6 3. 1 163 

a. First catalyst performance monitoring period. 

b. High pressure increase resulted from air in-leakage in the pressure 
monitoring system above the water level. See gas analysis in Table 4. 

c. Second catalyst performance monitoring period. 
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TABLE 4. GAS SAMPLE RESULTS AFTER 
(IN VULUME PERCENT)a 

CATALYST PERFORMANCE MONITORING ;cRIOO 

Vessel Sample 
H2 O2 N2 Number Number Comment 

U 10012 1 0.34 2.86 13.95 Air leak into system 
2 0.50 6.55 29.57 Air leak into system 
3 0.67 5.38 25.88 A-j: leak into system 

010016 1 O. 17 0.67 5.21 Air leak into system 
2 O. 17 1. 01 6.22 Air leak into system 

010013 1 <0.03 <0.44 <0.81 
2 <0.03 <0.44 <0.81 

010017 1 0.03 0.55 1.68 
2 0.07 <0.22 <0.42 
3 0.10 <0.22 <0.42 

010018 1 0.05 21.0 78.3 Air leak into sample 
2 0.27 1.23 7.39 Air leak into sample 

020027 1 0.03 <0.29 1.02 
2 0.13 <0.29 <0.52 

020028 1 <0.02 <0.29 <0.64 
2 <0.02 <0.29 <0.64 

010014 1 0.18 0.84 <0.66 
2 0.44 <0.29 <0.66 

010011 1 <0.02 1.68 6.55 Air leak into sample 
2 0.03 5.21 20.50 Air 1 eak into sample 

LJ20026 1 <0.02 <0.37 1.04 
2 <0.10 <0.37 0.62 

020029 1 0.17 <0.50 3. 19 
2 O. 17 1.85 9.41 Air leak into sample 

020022 1 0.34 0.50 2.18 
2 0.34 0.50 2.69 

020031 1 0.27 0.67 4.59 
2 0.50 1.08 4.92 

020037 1 o. 17 <0.34 <0.67 
2 0.34 <0.34 <0.67 

a. The vessel atmosphere was diluted with argon gas prior to sampling. 
The gas sample analysis results were normalized and reported on a 
one-atmosphere basis. Each number preceded by a less than sign is the 
lower limit of detectability for that sample. This number is provided in 
cases where the actual volume percent measured is less than this limit. 
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reactions involving hydrogen. During early testing at TMI, no reduction in 
gas generation rate was found when vessels were allowed to pressurize to 
24.7 psia of hydrogen rich mixtures from radiolytic gas generation (see 
Appendix A). 

Net Gas Generation Rate Versus Residual Water Content 

During preparation of SDS vessel 010013, additional data on gas 

generation rate versus residual water content were obtained. nfter this 
vessel was removed from storage, it was weighed and found to have a 
residual water content of 208 lb (96 kg). The vessel ~'as then inerted at 
atmospheric pressure with nitrogen and the pressure monitored for 80 h. 

From the data obtained, the gas generation rate was calculated to be 
592 cC/h. At that rate and for 51,000 Ci of cesium and strontium, the gas 

generation rate per curie was 0.0116 cc/h-Ci. 

The vessel was vacuum dried to a residual water content of 63 lb 

(29 kg). It was isolated at a vacuum without any catalyst added. Pressure 

was monitored for 62 h. The gas generation rate was calculated to be 
423 cc/h, resulting in a generation rate per curie of 0.0083 cc/h-Ci. 

The earlier GPU Nuclear study (see Appendix A) indicated an 
approximately linear relationship between gas generation rates per curie of 

cesium and strontium and vessel water content from 2.8 to 5.2 ft 3, the 
range for residual water after bulk removal with N2• The 010013 data 

indicate this relationship does not hold at lower vessel water contents. 

The explanation may be that residual water collects in the bottom of the 

vessel, which is away from the high radiation zone. 7 The presence of 

this water does not contribute proportionally to hydrogen and oxygen 
genet'ation. Vacuum drying removed residual water from the bottom of the 

vessel, leaving about the same amount of bound water in the zeolite at the 
top of the bed where the radioactivity is concentrated and where most of 

the radio lysis takes place. 
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Transport 

EG&G Idaho assumed responsibility for the GPU Nuclear prepared SOS 

vEssel shipments at the TMI site boundary. Each shipment was completed 

without incident. Teams of two specially trained and qualified drivers 
consistently made the trips from TM! to Richland, W', in less than three 
days. 

Figure 21 shows a drawing of the SOS shipping cask, and Figure 22 
shows the cask tied down to the trailer. 
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Figure 21. A simplified schematic of the CNS l-i3C shipping cask. 
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--------------------................. 
DOE RESEARCH AND DEVELOPMENT PROGRAMS 

Zeolite Vitrification Demonstration Program 

Vessels 010012, 010015, cold D10016 were shipped to Pacific Northwest 
Luuoratory fGr use in vitrification experiments. The cQntaminated zeolite 
was removed from the vessels, glass formers were added~ and the mixture was 
placed in special stainless steel canisters. A full-scale, in-canister 

melting process was then used to vitrify the materiul. In this process, 

the canister serves as the container for the solidified (glass) final waste 

product. Program details are presented in References 7, 8, 9, and 10. 

Dry Handling and Monitored Burial Demonstration Program 

lhe other ten vessels, listed in Table 1, were sent to Rockwell for 
experiments demonstrating remote dry handling techniques and monitored 

burial in special concrete overpacks. The remote transloading from 

shipping cask to concrete overpack proved to be cost effective. The 
transloading was conducted in the T-Plant rail tunnel, remotely from the 
shielded cab of the canyon traveling crane, and observed through optical 

systems and closed circuit television. No significant problems were 
encountered in any of the transloading operations. Shipping cask handling 
and decontamination costs were minimized by avoiding underwater handling. 

After trans loading each SDS vessel into its concrete overpack, it was 
transported by truck to a nearby burial trench, into which it was placed 
using a truck-mounted crane (see Figure 2j). The overpack was then buried 
at least 9 ft underground, below the sand and rock material previously 

removed from the trench. 

One of the SOS vessels, 010011, and its overpack will be specially 

instrumented for long-term burial monito~ing. The monitoring equipment 

includes two vessel pressure transducers, four vessel shell thermocouples, 
12 overpack thermocouples, four backfill thermocouples between overpacks, 
and two gas sampling lines to monitor the air in the overpack above and 
below the vessel for moisture and contamination. 
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Figure 23. Workers remove the lifting sling from an overpack containing 
an SOS vessel in its retrievable burial position. 
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Figure 24 shows the arrangement of the SDS vessel, concrete overpack, 

and instrumentation for burial. The pressure transducers are radiation 

resistant, high temperature devices with radiation resistant c~hles 

terminating in the instrument enclosure. The two sampling lines are 

6-mm stainless steel tubes terminating in the instrument enclosure. 

This burial package will be monitored weekly for the first two months, 
monthly for the next four months, bimonthly for the following six months, 
quarterly for the following three years, and then semiannually until 
monitoring is terminated. Analysts expect the temperature will rise 

slowly, with a maximum of less than 350°F peaking in about three-and-a-half 

years. The system pressure is expected to rise slowly from a partial 

vacuum to one atmosphere, due to small leaks and a low net hydrogen gas 

generation rate, and then remain at a slightly positive pressure • 

. .." 
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CONCLUSIONS 

The overall 50S process has pru.2d to be very effective, particularly 

considering safety issues and needs to keep radiation exposure levels as 

low as reasonably achievable, in removing, concentrating, handling, 

shipping, and safely storing fission products from the contaminated water 

which had been in the TMI-2 Reactor Building. Radiolytic gas generation 
from the concentrated fission products on the zeolites was recognized 
before system startup and characterized after the first vessels were 
removed from service. Catalyst testing at more than twice the observed 
maximum gas generation rate established the performance of recombiners in 
SOS vessels. I~~lementation of the vacuum drying and catalyst addition 

process at TMI successfully demonstrated radiolytic gas control by 

recombination for the vessel with the highest amount of radioactivity. 

Hydrogen and oxygen concentrations in each vessel were maintained within 

acceptable limits. All shipments complied with federal regulations and 
were conducted without incident. 
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APPENDIX A 
GAS GENERATION DATA 

GPU Nuclear initiated gas generation measurements immediately 

following removal of the first SOS vessel from the waste processing train. 

A gas sampling system was installed adjacent to the vessel storage area. 

This system consisted of a pressure gauge and sample cylinder installed 

between the vessel vent hose and the SDS off gas system (see Figures 4 

and 5 in the main body of the text). The gas collected in the sample 
cylinder was analyzea using the plant gas chromatograph. As the testing 
progressed, the highest and lowest curie loaded vessels available at the 
time were selected for testing. Several vessels were tested in 
nondewatered and dewatered states. After the vessel was connected to the 

gas sampling system, the gas pressure rise and the void volume for the 

vessel were determined. Periodic samples drawn through the sample cylinder 

were used to determine the gas composition. 

The following data resulted from these measurements: 

1. Figure 6 in the main body of the text shows gas generation rate 
versus curie content. The gas generation rate is proportional to 
curie content (neglecting second order effects such as oxygen 

absorption) and was estimated to be 0.01 cc/h-Ci. 

2. Figure 7 in the main body of the text plots the measured gas 

generation rate (on a per curie basis) against the best estimate 

of residual water in the vessel. Gas generation is somewhat 

proportional to water content for the range of 2.8 to 5.2 ft3• 

3. Table A-l lists the average observed gas generation rate 
(averaged over the entire observation time). Also listed are the 

observed H2/02 ratios (averaged over the collected samples) 

and the observed peak H2 and O2 concentrations. Several 

items are worth noting. 

A-3 



TABLE A-l. HAOIOLYTIC GAS GENERATION IN SOS VESSELS 

Cs & Sr Average 
Approximate Gas Void Average Observed Peak Observed Observed 
Acti vity Volume Vessel Gas Generation Rate Gas Vol. Percent a Mole Ratio 

Vessel (C i ) ( ft 3) Condition (esig/h) (cc/h) H2 O2 (H2/02 ) 

D100ll 46,000 2.24 Wet 0.140 559 74 21 3.2 
46,000 4.0 Oewatered 0.0589 421 60 22.6 't..7 

010012 59,000 3.0 Oewatered 0.114 613 84 16 5.2 
I 

):::> 010013 51,000 3.4 Dewatered 0.0688 418 72 .6 25.3 2.9 
\ I 

~ 

010015 6,800 4.0 Oewatered 0.00487 33 8. 1 0 Infinity I 

U10016 59,000 4.4 Oewatered 0.061 476 70 24 2.8 

D20028 45,000 4.6 Oewatered 0.0430 353 3.7 

k 

a. Balance is N2' 
f, 

I 

\ 
\ 

I 



First, the gas generation rate is calculated from the measured 
pressure rise rate and measurea vessel volume (determined by 

measuring the pressure drop associated with drawing multiple 

sample cylinder gas volumes) using the assumptions of the perfect 

gas law, Henry's law, and isothermal conditions. The pressure 

measurements and analyses required to obtain the gas generation 

values reported herein are estimated to have an accuracy of plus 
or minus 20%. The assumptions us~d in these analyses would tend 
to place the reported values in the lower portion of the 

estimated error band. The gas generation rates listed in 
Table A-l may be 20% low. 

Second, radiolysis gas is pure H2 and O2, As such, peak H2 

and 02 gas concentrations are functions of the test time and 

number of samples withdrawn. The test pressure was limited to 

10 psig. The test procedure resulted in frequent vessel venting 

to atmosphere which reduced the inventory of N2 and enhanced 

H2 and O2 concentrations. 

Third, the gas that accumulated in vessel 010015 was primarily 
hydrogen (see Table A-1). A scrap of plastic (a pipe end cover) 
was found in this vessel during the vitrification process. It 

appeared that radiolytic oxygen combined with this organic 

material as it decomposed. This is consistent with observations 

of other vessels containing wet, radioactive, organic 

t . 1 11 rna ena s. 

4. Figure A-l plots the recorded experimental data taken on vessel 

010011 (dewatered). Other vessels had similar gas generation 
properties, as summarized in Table A-1. 
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Figure A-l. SOS vessel 010011 gas generation dewatered. 



In concluslon. a fully loaded SOS vessel (59.000 Ci of cesium and 
strontium) generates between about 500 and 700 cc/h of radiolytic gases. 
The gas generation rate is somewhdt dependent on the amount of residual 
water in the vessel after drip drying. The generation rate would decrease 

as water is radiolytically decomposed or evaporated from the upper part of 

the bed where most of the radioactive cesium and strontium isotopes are 

located. These results are in basic agreement with the previously 

pUblished data of 1.8 cc/h/W which equates to about 520 cc/h at 59,000 Ci 

of cesium and strontium (289 W).12 
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APPENDIX B 
ALTERNATIVES FOR PREPARING SDS VESSELS FOR SHIPMENT 

1. Remove the water by radiation decomposition. 

2. Pressurize vessel with inert cover gas. 

3. Pressurize vessel with hydrogen alone or hydrogen-CO mixture. 

4. Fill with ~ome other liquid which contains no hydrogel •• 

5. Put a strip or grains of hydrogen rec(.~biner catalyst on the bed 
surface or elsewhere in the upper vessel. 

6. Add an oxidizer to the beu. 

7. Remove the water by air flow at essentially pool temperature. 

8. Remove the water by vacuum pumping. 

9. Provide an inert storage dilution vessel. 

10. Combination of #2 and #9. 

11. Remove (separate) oxygen from ex-vessel portion of gas in #9 and #10. 

12. Remove with air flow at higher temperature. 

13. Combination of #8 and #12. 

14. Use an exiting gas in #2, #9, #10, and/or #11. 

15. Drying and/or elution of the resin by a gas other than air. 
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APPENDIX C 
PIPING AND INSTRUMENTATION DIAGRAM FOR 

SOS LINER VACUUM OUTGASSING AND DRYING SYSTEM 
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